The aim of this study was to evaluate the occurrence of yeasts, pseudomonads and enteric bacteria in the oral cavity of patients undergoing radiotherapy (RT) for treatment of head and neck cancer. Fifty patients receiving RT were examined before, during and 30 days after RT. Saliva, mucosa, and biofilm samples were collected and microorganisms were detected by culture and polymerase chain reaction (PCR). The most prevalent yeasts in patients submitted to RT were Candida albicans, C. tropicalis, C. krusei, C. glabrata and C. parapsilosis. Citrobacter, Enterobacter, Enterococcus, Klebsiella, Proteus, and Pseudomonas were the most frequently cultivated bacteria. Before RT, targeted bacteria were cultivated from 22.2% of edentulous patients and 16.6% of dentate patients; 30 days after RT, these microorganisms were recovered from 77.8% edentulous and 46.8% dentate patients. By PCR, these microorganisms were detected from all edentulous patients, 78.1% of dentate patients. The presence of Gram-negative enteric roads and fungi was particularly frequent in patients presenting mucositis level III or IV. Modifications in the oral environment due to RT treatment seem to facilitate the colonization of oral cavity by members of family Enterobacteriaceae, genera Enterococcus and Candida.
INTRODUCTION
The treatment of head and neck cancer (HNC) consists of surgery, radiotherapy (RT) or a combination of both.
Chemotherapy has also been used as complement of this treatment (12) . However, there are sufficient evidences showing that the use of radiotherapy in HNC treatment is detrimental due to several side effects, including: mucositis, xerostomia, radiation caries and osteoradionecrosis, which can complicate the possibility of intensification of cancer treatment (2, 23) . In most cases, the occurrence and severity of these reactions depend on the radiation dose, volume of irradiated Yeasts, pseudomonads and enteric bacteria in the oral cavity tissues, fractionation scheme, type of ionizing radiation, location of the irradiated area, patient's age, systemic conditions, concomitant treatment, oral hygiene, tobacco and alcohol consumption (2, 23) .
In patients subjected to RT, the salivary gland dysfunction leads to decreased production of saliva, reduced clearance of carbohydrates and organic acids, decreased buffer capacity and tooth remineralization (21) , in addition to changing the oral microbiota (14) . Consequently, oral colonization and infection by opportunistic fungi and bacteria are commonly observed (12, 14) . However, the qualitative and quantitative composition and alteration of the oral microbiota in HNC patients undergoing radiotherapy remains unclear. In addition, the role of opportunistic microorganisms in the pathogenesis of oral mucositis and other infections associated with side effects of RT is not conclusive.
The involvement of microorganisms such as fungi and enteric species in the pathogenesis of oral infections in patients with severe immune deficiency has been widely discussed (23) .
These enteric microorganisms frequently act as reservoirs for antimicrobial resistance genes, which spread to other microbial populations (8) .
The use of nystatin suspension in the candidosis treatment is a standard practice in patients subjected to RT in some Brazilian radiotherapy centers, but this protocol is also very dependent upon patients' compliance. Unfortunately, there is no clinical or microbiological evidence to show that this therapeutic scheme is effective in patients with low socioeconomic status and poor oral hygiene.
Moreover, since most of Brazilian patients undergoing RT for treatment of HNC present low socioeconomic conditions and insufficient oral hygiene standards, as well as wear complete dentures, it is possible that these factors contribute significantly to the establishment of opportunistic microorganisms, exacerbating the side effects of RT and compromising the intensification of cancer treatment. Thus, the aim of this study was to evaluate the occurrence of yeasts, pseudomonads and enteric bacteria in oral microbiota of patients with head and neck cancer undergoing RT.
MATERIAL AND METHODS

Study Population and Clinical Examinations
A total of 50 patients (38 males and 12 females) seen at the Center for Radiotherapy of São José do Rio Preto, São Paulo, Brazil, aged 16-80 years (mean age 59.5 years), with histopathological diagnosis of malignant disease were included in the study. Forty-four patients presented squamous cell carcinoma, four patients harbored acinar cell carcinoma, one patient presented basal cell squamous carcinoma and another one presented malignant undifferentiated neoplasm.
Most of patients were illiterate or presented elementary formal education (84%), as well as tobacco (90%) and/or alcohol (74%) consumers. Eighteen patients (36%) were totally edentulous and wore complete dentures and 32 patients (64%) had at least six teeth (mean 12.4 ± 5.7). Fourteen of these patients had periodontitis and 18 presented gingivitis. A fullmouth periodontal examination was performed. Clinical assessments included probing depth, recession, bleeding on probing (yes/no), and determining the plaque index (presence/absence). The clinical attachment loss was calculated by adding the probing depth and recession measurements.
Periodontal measurements were carried out at six sites per tooth (mesio-buccal, buccal, disto-buccal, mesio-lingual, lingual and disto-lingual) for all teeth. The medical staff at the Center for Radiotherapy provided data on systemic health and medication taken by the patients.
Patients were instructed by the medical staff at the Center for Radiotherapy to seek dental treatment prior to RT.
However, only 38% of the patients sought dental treatment which consisted of dental extractions, periodontal treatment and restorative procedures. In addition, all patients were instructed to use 5 ml of an oral suspension containing 100,000 U/ml aqueous nystatin three times a day (Micostatin®, Bristol-Yeasts, pseudomonads and enteric bacteria in the oral cavity Myers Squibb, São Paulo, SP, Brazil) in order to prevent oral candidosis during RT.
Clinical examinations were performed with the patients before dental treatment and RT (stage 1), immediately after completion of RT (stage 2), and 30 days after RT (stage 3).
During these visits to the Center for Radiotherapy, the presence and severity of mucositis in patients was assessed according to criteria provided by the National Center Institute (22) and xerostomia was evaluated using clinical criteria and by a specific form (9) .
The patients were submitted to RT for the treatment of head and neck cancer, and the mean radiation dose received varied from 4320 to 7020 cGy (mean dose 6233 cGy ± 954.5 cGy) and the fractioning dose was 180 cGy. Radiotherapy was carried out using a linear accelerator.
Patients exhibiting uncontrolled cardiovascular disease, pulmonary disease, diabetes mellitus, renal or hepatic disease and additional systemic diseases were excluded, as well as patients who needed antibiotic prophylaxis, steroids and antibiotic therapy in the last 6 months prior to RT. All patients gave written informed consent to be included in this study, 
Clinical samples, microbial isolation and identification
Before clinical examination, whole resting saliva, oral mucosa (including dorsum of the tongue), supragengival and subgingival biofilms were sampled. Saliva was collected using a draining method; patients were placed in a quiet room and asked not to drink, eat or clean their mouths 1 hour before saliva collection. They were further instructed not to swallow any saliva during the collection period.
The oral mucosa was sampled using a sterile swab and transferred to a solution consisting of 300µL of PBS (phosphate buffered solution) and 300µL of ultra pure water. After solidification of the medium, discs with 2%
carbohydrates (maltose, trehalose, xylose, galactose, lactose, sucrose and glucose) were plated and incubated for 96 h. at 30 o C. The presence of microbial growth around paper discs containing carbohydrates was registered daily. The Candida isolates with inconclusive identification to species level were submitted to DNA extraction and amplification following the Yeasts, pseudomonads and enteric bacteria in the oral cavity methodology previously described, using PCR with specific primer pairs (13) .
Bacterial species were identified using the following methods: colonial characteristics, Gram-staining, growth at 10% sodium chloride, production of gas from glucose, and biochemical tests using the API-20E commercial kit (BioMérieux SA, Marcy-l'Etoile, France). Some bacterial isolates were identified using the BBL Crystal 
PCR assay
The DNA of all clinical samples transported in sterile ultra pure water was extracted using QIAamp DNA Mini Kit These data were confirmed by PCR ( Table 2) . With regard to pseudomonads, when the data obtained from cultures are considered, radiotherapy seems to increase the frequency of colonization of the oral cavity by these microorganisms. However, when the PCR data is considered, this is no longer statistically significant. As evidenced by PCR, before RT, targeted bacteria were detected in 55.6% of the edentulous patients, and in 43.8% of the dentate patients, while 30 days after RT, these values increased to 100% and 78.1%, respectively. The occurrence of enteric microorganisms was not associated with gingivitis or periodontitis, but they were observed in higher frequency among tobacco consumers (p=0.031), and patients presenting level III or IV mucositis (p=0.042). Fifteen patients (30%) were initially colonized by Candida spp., increasing to 78% soon after RT and 84% 30 days after RT, and this increase was not directly related to the dental or periodontal status (Table 3) . Thirty days after radiotherapy, yeasts were recovered from all edentulous subjects and from 75% of the dentate patients. Fungi isolates were identified as Candida albicans, C. tropicalis, C. krusei, C. glabrata or C. parapsilosis.
The presence of C. albicans concomitantly with non-albicans
Candida species was particularly common after RT, and the occurrence of Candida spp. was increased by RT (p<0.001). Table 3 . Candida species isolated from oncologic patients at different moments of the study. 
DISCUSSION
The risk of mucositis has been a major concern for patients who receive RT for treatment of head and neck cancer (12, 18) . Susceptibility to mucositis is related to qualitative and quantitative changes in saliva, oral microbiota and immunological status (14) . Consequently, preventive measures before, during and after radiotherapy are necessary and should include instructions regarding diet, oral hygiene and the use of chemical compounds to prevent microbial accumulation on dental or prosthetic surfaces.
The results of this study indicate that radiotherapy increases the presence of enteric bacteria and Candida species during the period immediately after RT in accordance with In the present study, most of patients were middle-aged male adults, who were chronic tobacco and alcohol consumers and had advanced malignant tumors. It is known that the use of tobacco, alcohol and oral prostheses may increase colonization by opportunistic pathogens, particularly fungi (16, 18) .
Moreover, radiotherapy seems to increase the frequency and intensity of oral colonization by Candida spp.
The results of this study confirm the increased number of non-C. albicans species in the microbiota of irradiated patients, but this phenomenon was not at the expense of a reduction of C. albicans occurrence, as described in the literature (4, 19) ,
showing that several Candida species may increase their occurrence in the oncologic patients. In a previous study (12) , although C. albicans was the most frequently detected yeast Yeasts, pseudomonads and enteric bacteria in the oral cavity 
